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,QWHUQDWLRQDO&RQIHUHQFHRQ(PHUJLQJ7UHQGVLQ(QJLQHHULQJ6FLHQFHDQG7HFKQRORJ\,&(7(67

6RIWZDUH$QDO\WLFV3ODWIRUPIRU&RQYHUJHG+HDOWKFDUH
7HFKQRORJLHV
$UMXQ5D6XQLO&'¶6RX]DD
D5HVHDUFK6FKRODU6FKRRORI0DQDJHPHQW1DWLRQDO,QVWLWXWHRI7HFKQRORJ\.DUQDWDND6XUDWKNDO0DQJDORUH.DUQDWDND,QGLD
D$VVLVWDQW3URIHVVRU6FKRRORI0DQDJHPHQW1DWLRQDO,QVWLWXWHRI7HFKQRORJ\.DUQDWDND6XUDWKNDO0DQJDORUH.DUQDWDND,QGLD
$EVWUDFW
7KHSXUSRVHRI WKHSDSHU LVGHYHORSLQJ D FRPPRQ VRIWZDUHEDVHGDQDO\WLFV IUDPHZRUN WKDW FDQEH FRXSOHG WRKHDOWKGHYLFHV
ZKLFKPRQLWRUKHDOWKFRQGLWLRQVXVLQJVPDUWGHYLFHVPRELOHSKRQHVWDEOHWVDQGJDGJHWV7KHGLYHUVHDQGKHWHURJHQHRXVVHQVRU
GDWDJHQHUDWHGFDQFROOHFWLYHO\EHIHHGLQWRORFDOKRPHEDVHGKHDOWKLQIRUPDWLRQV\VWHP7KHVHLQIRUPDWLRQV\VWHPVDVDODUJH
JURXSLQFOXVWHUPRGHOIRUPWKHEDVLVRIEDFNERQHQHWZRUNVIRUJRYHUQPHQWDOKHDOWKLQVWLWXWLRQVDQGWKHUHE\VRFLHWDOLPSDFWDV
HIIHFWRIVXFKLPSOHPHQWDWLRQFDQEHVWXGLHGDVH[SHULPHQWDOEDVLVRIIXUWKHUUHVHDUFK
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHRUJDQL]LQJFRPPLWWHHRI,&(7(67±
.H\ZRUGV6PDUWGHYLFHV:HDUDEOHKHDOWKVHQVRUV+RPHQHWZRUNV+HDOWKLQIRUPDWLRQV\VWHP
,QWURGXFWLRQ
+HDOWKFDUH V\VWHPV DUH QRZDGD\V LQWHJUDO SDUW RI KRPH QHWZRUNV L&DUH GHYHORSHG E\ &'$& LV FRPSOHWH
SDFNDJH LQWHQGHG WR FRQYHUJH GLIIHUHQW KHDOWKFDUH DQG WKH ZHOOQHVV DSSOLFDWLRQV DQG SURYLGH GLYHUVH VROXWLRQV
LQFOXGLQJ LQGHSWK DQDO\VLV RI V\PSWRPV IRU SULPDU\ FDUH ULVNSUHGLFWLRQ LQWHUDFWLYH DSSOLFDWLRQV DQGKHDOWK WLSV
DORQJZLWKKRPHUHPHGLHVLQIRUPDWLRQ7KHREMHFWLYHLVWRRXWOLQHDFRQFHSWXDOIUDPHZRUNZKHUHLQWKHVPDUWGHYLFH
JHQHUDWHGGDWD FDQEH FRQQHFWHG LQWR WKH H[LVWLQJ L&DUHPRGXOHV DW KRPHEDVH7KLVZKHQ H[WHQGHG LQWR D ODUJHU
FURVVVHFWLRQZLWKPXOWLSOH L&DUHPRGXOHVFRYHULQJFHUWDLQJHRJUDSKLFDODUHDDUH LQWHJUDWHGXQGHUVLQJOHVHUYHURU
FOXVWHU7KHDUHDVHUYHUVDUHSXWXQGHUGHGLFDWHGOLQHWKDWIRUPVJRYHUQPHQWRZQHG+HDOWK,QIRUPDWLRQ6\VWHP


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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/LWHUDWXUH6XUYH\
$EULHIDQGLQGHSWK OLWHUDWXUHVXUYH\VWXG\ZDVEHLQJGRQH)URPWKLVZDVHYLGHQWWKDW LQIDFWYHU\IHZVRIWZDUH
DUFKLWHFWXUHVH[LVWHGWKDWLQWHJUDWHGWKHGHYLFHOHYHOGDWDDQDO\WLFVLQWRWKHKHDOWKLQIRUPDWLRQV\VWHP7KLVZRXOGEH
SRVVLEOH RQO\ XVLQJ QHDU ILHOG FRPPXQLFDWLRQ WHFKQRORJLHV RU XVLQJ ZLUHG FRQQHFWLRQV 2WKHU DOWHUQDWLYHV DUH
%OXHWRRWKLQIUDUHGHWF7KHZKLWHSDSHUE\$VFRPGLVFXVVHVKRZWKHPLGGOHZDUHLQWHJUDWLRQLVHVVHQWLDOLQXWLOL]LQJ
WKHXELTXLWRXVFRPSXWLQJSRZHULQVHUYHURQWRGHYLFHV>@
:DUUHQHWDOLQWKHLUDUWLFOHPHQWLRQVKRZSDWLHQWGULYHQFDUHDQGLQWHOOLJHQWWHFKQRORJLHVDUHJHWWLQJLQWHURSHUDEOH
WRDFFHVV(+5DQGSURWRFROVEHLQJFKDQJLQJIRUVWDQGDUGL]HGKHDOWKFDUHGHOLYHU\>@7KH\DOVRGHYHORSHGDVDPSOH
OD\RXWGHVLJQVHWXSWKDWLQFRUSRUDWHVWKHVHHOHPHQWV7KHL&DUHPDQXDOEURFKXUHKDGEHLQJGHYHORSHGXVLQJH[LVWLQJ
VRIWZDUH UHTXLUHPHQWV >@ 7KH RQO\ FRQVWUDLQW IDFWRU LQ DSSOLFDWLRQ ZDV FRPSUHKHQVLYH VROXWLRQV LQ KHDOWK
SUHGLFWLRQ DQDO\VLV RI EDVLF KHDOWK UHDGLQJV DQG WLSV IRU EHWWHU SHUVRQDO KHDOWKFDUH 7KH NH\ IHDWXUHV LQFOXGH
6\PSWRPVDQDO\]HU'LVHDVH5LVNSUHGLFWRUDQGKHDOWKFDUHEDVHG(GXWDLQPHQW)URP WKLV WKHQDWXUDO HYROXWLRQ LV
DQDO\WLFVSODWIRUPKDYLQJ WKH LQEXLOWPHGLFDOGHYLFHVGDWDEH OHYHUDJHGE\ WKHFRPSXWLQJSRZHU LQVWDOOHG LQDUHD
OHYHO KHDOWK LQIRUPDWLRQ VHUYHUV 6RPH RI WKHVH DUH HYHQ PDQDJHG XQGHU GLIIHUHQW LQVWLWXWLRQV OLNH JRYHUQPHQW
KRVSLWDOVDXWKRUL]HGJRYHUQPHQWUHVHDUFKLQVWLWXWLRQVZKLFKDUHEHLQJJLYHQDFFHVVDQGULJKWWRFRQWUROWKHVH
7KH :HOOR L3KRQH &DVH LV SDUWLFXODU DSSOH FRPSDQ\ EUDQG PRELOH DSSOLFDWLRQ WKDW FDQ UHDG KHDUW UDWH EORRG
SUHVVXUH UHVSLUDWLRQ R[\JHQ OHYHO VWUHVV OHYHO WHPSHUDWXUH DQG VRPHPRUH )URP WKLV WKH KHDUW UDWH DQG EORRG
SUHVVXUHDUHFULWLFDODQGYLWDOOLIHGHSHQGHQWSDUDPHWHUVWKDWFDQEHDQDO\]HGDQGSUHGLFWWKHKXPDQKHDOWKFRQGLWLRQ
LQ LPPHGLDWH IXWXUH6PDUWGHYLFHV WKDWJHQHUDWHYHU\HVVHQWLDOVLJQDOVRU WUDQVGXFHUV LQ LQIRUPDWLRQRIKHDOWKDUH
HPEHGGHGLQVPDUWSKRQHVJDGJHWVZHDUDEOHGHYLFHV
3UREOHP2YHUYLHZ
7KHGHYLFHVWKDWFDQPRQLWRUDQGJHQHUDWHKHDOWKSDUDPHWHUVGDWDLQWRGD\¶VVFHQDULRLQFOXGHVPDUWGHYLFHVOLNH
ZULVW EDQGV ZDWFKHV FKHVW VWUDS PRQLWRUV VPDUW SKRQHV HWF 7KHVH JHQHUDWH HVVHQWLDO KHDOWK VWDWXV LQIRUPDWLRQ
VLJQDOV ERWK LQ DQDORJ DV ZHOO DV GLJLWDO IRUPDW $ XQLTXH VRIWZDUH SODWIRUP EXLOW RQ FRPPRQ IUDPHZRUN WR
FROOHFWLYHO\DFTXLUHH[HFXWHDEDVLFSURFHVVLQJ WDVNDQGVWRUDJH LQWRKHDOWKPDQDJHPHQWDSSOLFDWLRQ LVDPHQDEOH
7KLV ZRXOG EH LQVWDOOHG WKURXJK DQ LQIRUPDWLRQ V\VWHP HLWKHU LQ KRPH QHWZRUNV DQG JRYHUQPHQW DQG VXFK DQ
LPSOHPHQWDWLRQ KDV NH\ SRWHQWLDO IRU IXUWKHU UHVHDUFK 7KH REMHFWLYHV LQYROYH HIIHFWLYH GDWD PDQDJHPHQW
LQIRUPDWLYHLQIHUHQFHVIURPVRIWZDUHDSSOLFDWLRQEDFNHQG
3URSRVHG6RIWZDUH$UFKLWHFWXUH)UDPHZRUN
7KHFRQFHSWXDOGLDJUDPRIDUFKLWHFWXUHLVJLYHQLQWKH)LJXUH+LJKOHYHOGLDJUDPLVGHSLFWHGZKHUHLQEDVLFDOO\
'% LVGHFHQWUDOL]HGEXW WKHKHDOWK LQIRUPDWLRQ V\VWHPVHUYHUGDWDEDVH LV VHWXS LQ LQWHJUDWLYHPRGHO V\QFKURQL]HG
ZLWKLQGLYLGXDOFOXVWHUV
)XQFWLRQDO'HVLJQ
7KH.LWRLVDQDSSOLFDWLRQFRPSDWLEOHZLWKL3KRQHVWKDWDUH%OXHWRRWKYHUVLRQQXPEHURUDERYHWRLQWHUIDFH
WKHGDWDEHLQJVHQVHG$QGL&DUHVRIWZDUHJHQHUDOO\UXQVLQWKH0LFURVRIW:LQGRZVHQYLURQPHQW1RZWKH&OXVWHU
FRPSXWLQJ LV D JHQHUDO WHFKQLTXH ZKHUH ODUJH QXPEHU RI SURFHVVLQJ HOHPHQWV GLVWULEXWHG LQ GLIIHUHQW SK\VLFDO
ORFDWLRQV LV EHLQJ FRPELQHG WR JURXSVFOXVWHUV 7KH &OXVWHU OHYHO LQIRUPDWLRQ LV SUHGHILQHG DQG VWRUHG LQWR WKH
+HDOWKLQIRUPDWLRQV\VWHPV)RUH[DPSOHLQ)LJXUHWKH&OXVWHUFRQQHFWVWRL&DUHPRGXOHVIURP5HJLRQ
7KHVHFDQEHLQVWDOOHGLQWZRKRPHVZKLFKDUHQHDUE\RUZLWKLQPHWHUVGLVWDQFH%\YDU\LQJLQGLYLGXDO
PHPEHUVL]HV&OXVWHUJURXSV«QFDQEHLQFUHDVHGDFFRUGLQJWRWKHUHTXLUHPHQWDQGVHWXSSURFHGXUH,WDOVR
GHSHQGVRQ+,6VHUYHUFDSDFLW\WRDFFRPPRGDWHSDUWLFXODUQXPEHURIFOLHQWVDWDWLPH

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7KH SURSRVHG DUFKLWHFWXUH EOXHSULQW DQG WHFKQLFDO IUDPHZRUN LQ RUGHU WR FDSWXUH WKHVH SDUDPHWHUV IURP VPDUW
GHYLFHVZLWKVHQVRUVSURFHVVHGWKURXJKGHYLFHVRIWZDUHDQGIHGLQWRWKHL&DUHVRIWZDUHSDFNDJH$WODWHUVWDJHWKLV
DQDO\]HGLQIRUPDWLRQFDQEHPDLQWDLQHGIURPL&DUHPRGXOHLQWRODUJHULQIRUPDWLRQV\VWHPWRVHUYHJURXSXVHUVDQG
JLYHDFFXUDWHGHWDLOVDVRIKHDOWKWUHQGVJLYHQIDPLO\GHWDLOVDQGRWKHUGHPRJUDSKLFGDWD
L&DUH+HDOWKLQIRUPDWLRQV\VWHPVRIWZDUHIXUWKHUDXJPHQWHGZRXOGEHGHYHORSHGWRVXSSRUWHYHQQDQRGHYLFHVLQ
FRQWH[WRIKHDOWKFDUHJDGJHWV ,QVXFKFDVH WKH+HDOWK LQIRUPDWLRQV\VWHPQHHGV WREHXSJUDGHG WR UHFHLYHELJJHU
FKXQNVRIGDWD7KHGDWDDOVRPXVWEHHQVXUHGWREHVDIHDQGSULYDWHLQWKDWVFHQDULR
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)LJXUH
)LJXUH  6RIWZDUH$UFKLWHFWXUH)UDPHZRUN
)LJXUH.LWR0RELOHDSSOLFDWLRQ
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)LJXUHVKRZV WKHVFUHHQVKRWSKRWRJUDSKRI.LWRPRELOHDSSOLFDWLRQ7KHDSSSULPDULO\PHDVXUHVRQKHDOWK
LQGLFDWRUV OLNH WKH+HDUW UDWH%ORRGR[\JHQ5HVSLUDWLRQ7HPSHUDWXUHDQG(&*7KHDGYDQWDJHRIDGRSWLQJ WKLV
WHFKQRORJ\LVWKDWDQ\LPSODQWVXUJHU\HLWKHUWHPSRUDU\SHUPDQHQWLVDYRLGHG
'DWD3ULYDF\DQG6DIHW\,PSOLFDWLRQV
6LQFHWKHFRQQHFWHGDUFKLWHFWXUHLVQRWPDLQWDLQLQJDQ\GDWDEDVHVWRULQJWKHFRQILGHQWLDOPHGLFDOLQIRUPDWLRQRU
HYHQFULWLFDOPHGLFDOGDWDDWOHDVWLQWKHORFDOFOXVWHUOHYHOWKHUHH[LVWVUDUHHWKLFDOSUREOHPVRUKXPDQSULYDF\LVVXHV
DUHDULVHV7KHFHQWUDOKHDOWKLQIRUPDWLRQV\VWHPLVUHSRVLWRU\WKDWRQO\QHHGVYHU\IHZKHDOWKSDUDPHWHUVGDWDVXFK
DVKHDUWEHDWUDWHEORRGSUHVVXUHHWF7KLVLVGXHWRIDFWWKDWKHDOWKWUHQGSUHGLFWLRQLVEDVHGRQFXUUHQWO\DYDLODEOH
GDWDDQGQRWKLVWRULFDOLQIRUPDWLRQ7KHKHDOWKLQIRUPDWLRQV\VWHPFDQFRPSXWHWKH%0,YDOXHVRISDUWLFXODUIDPLO\
JURXSV JLYHQ WKHLU KHLJKWV DQG ZHLJKWV GDWD DV LQ HTXDWLRQ (T 7KH GDWD EHLQJ SURFHVVHG ZLOO VHFXUHO\ EH
PDLQWDLQHGRUHUDVHGIURPV\VWHPWRDYRLGPLVXVHRUGDWDWKHIW7DEOHOLVWVWKHHVVHQWLDOKHDOWKSDUDPHWHUVEHLQJ
PRQLWRUHGWRPDNHXVHIXO LQIHUHQFHVIURPWKHL&DUHDSSOLFDWLRQWKDWZLOOEHSURFHVVHGE\VHUYHUVLQFHQWUDOKHDOWK
LQIRUPDWLRQV\VWHP$Q\SHUPDQHQWVWRUDJHRIGDWDQHHGV WREH LQFRPSOLDQFHZLWKDSSURSULDWH UHJXODWLRQVXQGHU
*RYWRI,QGLD
(TXDWLRQV
%RG\0DVV,QGH[%0,FDQEHFRPSXWHGZLWKWKHVLPSOHIRUPXODHDVJLYHQEHORZ
JKWPHWUHVUHV[+HL+HLJKWPHW
NJV:HLJKW%0,  (T
/LVWRI$EEUHYLDWLRQVDQG7DEOHV
$EEUHYLDWLRQV
%0,  %RG\0DVV,QGH[
&'$& &HQWUHIRU'HYHORSPHQWRI$GYDQFHG&RPSXWLQJ
(&*  (OHFWURFDUGLRJUDP
+,6  +HDOWK,QIRUPDWLRQ6\VWHP
1)&  1HDU)LHOG&RPPXQLFDWLRQV

7DEOH

6O1R +XPDQERG\RUJDQ
PRQLWRUHG
+HDOWKIDFWRU
DQDO\]HG
'HYLFH,QVWUXPHQW
 7HPSHUDWXUH %RG\
UHDFWLRQV
*DGJHW0RELOH
 5HVSLUDWLRQUDWH $FLGRWLF
VWDWH
0RELOH
 3XOVH 9LWDO%RG\
IXQFWLRQV
*DGJHW0RELOH7DEOHW
 %ORRGSUHVVXUH &DUGLDF
ILWQHVV
*DGJHW

(YHQ ZLWK  QXPEHUV RI PRVW LPSRUWDQW KHDOWK VLJQDOV WKDW DUH PHDVXUHG RQ DQDORJ RU GLJLWDO VFDOH ORW RI
LQIRUPDWLRQGHFLVLRQLQIHUHQFHVFDQEHFRPSXWHGDW+HDOWKLQIRUPDWLRQV\VWHPVQHWZRUNOHYHO
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)RUH[DPSOH LQFUHDVHGEORRGSUHVVXUHGDWDDERYH WKUHVKROGYDOXHUHFRUGHGRYHUSURORQJHG ORQJLWXGLQDOSHULRG
LQGLFDWHVWKHKLJKO\FKDQFHVIRUFDUGLDFLVVXHVDQGVLPLODUVHULRXVKHDOWKHIIHFWV7KLVUXOHHQFRGHGLQSURJUDPPDWLF
ORJLFRIL&DUHSUHGLFWVSRVVLEOHKHDUWSDWLHQWVRYHUODUJHDQDO\]HGSRSXODWLRQVDPSOHGDWD

)LJXUHGHSLFWVWKHL&DUHPRGXOHLQIRUPDWLRQZLQGRZVFUHHQVKRW7KURXJKVXFK*8,LQWHUIDFHKHDOWKGDWDFDQ
EHJLYHQDVLQSXWXVLQJFRPSXWHUWDEOHWRUHYHQNLRVN

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
&RQFOXVLRQV	)XWXUH5HVHDUFK
$SLORWVWXG\LQYROYLQJDSUHWHVWDQGSRVWWHVWVFHQDULRDQGDQDO\VLVRIGDWDUHDGLQJZLWK$129$WWHVWRU&KL
VTXDUH PHWKRG EULQJV WR OLJKW WKH HIIHFWLYHQHVV RI VXFK DQ DSSURDFK DQG LWV LPSOHPHQWDWLRQ )XWXUH 5HVHDUFK
GLUHFWLRQV XQGHUJRQH WKURXJK VWXG\ LQGLFDWH WKH UREXVW PDLQWHQDQFH RI ODUJH YROXPHV RI GDWD EHLQJ VWRUHG DQG
VLPSOHPHWKRGV WRHQDEOH WKLV LQIRUPDWLRQGLVVHPLQDWHG LQWR WKHSXEOLFZLWKDXWRPDWLFDOO\JHQHUDWHGKHDOWK WUHQG
LQIHUHQFHV>@0DUNHWLQJLQIRUPDWLRQRISDUWLFXODUPHGLFDOSURGXFWVIRUXVHE\WKHSKDUPDFHXWLFDOFRPSDQLHVEDVHG
RQWKHKHDOWKWUHQGVRISDUWLFXODUSRSXODWLRQIRUPVDKXJHSRWHQWLDOVWXG\ZKLFKFRXOGEHH[SORUHG>@
7KH EDUULHUV WR KHDOWKFDUH DFFHVV DQG H[LVWLQJ WHFKQRORJLFDO JDS LQ VPDUW GHYLFHV EHLQJ LQWHJUDWHG LQWR KHDOWK
V\VWHP IRUPV WKH FHQWUDO UHVHDUFK DUHD LQ WKH'LJLWDO KHDOWKFDUH GRPDLQ7KH GHYHORSPHQW RI VPDUW FORWKLQJ DQG
QDQRWHFKQRORJ\ EDFNHG KHDOWKFDUH WHFKQRORJLHV SRVHV HYHQ JUHDWHU FKDOOHQJHV LQ LQWHURSHUDELOLW\ DQG VHDPOHVV
FRQQHFWLYLW\IRUFRKHVLYHQDWXUHRIWHFKQRORJ\EDVHGLQIRUPDWLRQGHFLVLRQV\VWHPV
$FNQRZOHGJHPHQWV
7KHDXWKRUVZLVKWRWKDQNWKHIDFLOLWLHVDQGVXSSRUWH[WHQGHGE\WKHLQVWLWXWHDQGIXQGLQJDJHQFLHVIRUFDUU\LQJRXW
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